Abstract -A design theory is described for rectangular wavegttide metal insert filters that includes both higher order mode interaction and finite thickness of the inserts. 
. This paper describes a numerical synthesis procedure for such metal insert filters. The given design data allow metal etching techniques appropriate for low-cost mass production.
The two-and three-section X-band inductive strip filters described in [4] , [5] are calculated by an equivalent-circuit approach. However, the immediate higher order mode coupling between the discontinuities, which reduces the stopband attenuation for higher frequencies, is not taken into account. This effect is considered in [6] , where three-and five-section Ku-band filter curves are calculated by an equivalent waveguide method. But the influence of the finite thickness of the metal inserts, which influences passband ripple behavior and midband frequency, is neglected.
In this paper, similar to the fin-line filter calculation in [7] , the design of optimized metal insert filters is based on field expansion directly into incident and scattered waves of interest. This allows direct inclusion of both higher order mode coupling and finite strip thickness. Moreover, matching the fields at common interfaces yields the corre- II.
THEORY
As in [7] for each subregion v = I, II, III ( Fig. l(b) ), the 
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The step discontinuity at z = 1 (Fig. l(b Table  I ). The (which includes the finite insert thickness t) and by Saad's method [6] (which neglects that influence). -: t = 1 mm, this method, ----------: t = 0.3 mm, this method, and 0000: Saad's method (graphical reproduction from [6]). mum insertion loss in passband is 0.001 dB, the measured value is about 0.2 dB.
The corresponding insertion loss values of a I&band filter with an insert thickness of O.51 mm (Table I) (Table I) . (Table I) . (Table 1 ). Fig. 6 shows the calculated and measuredl insertion loss for an E-band filter. The insert thickness is 0.1 mm, the resonator structure has been produced by metal etching. The calculated minimum insertion loss is about 0.02 dB, 1The waveguide housing dimensions' of the experimental E-plane filter deviated from the WR 12 dimensions by about -55 pm as has been checked by a measuring microscope. This leads to a frequency shift from 75 to 76 GHz taken into account for the theoretical curve in Fig. 6 . ACKNOWLEDGMENT The E-band metal insert filter, as well as the V-band filter of [7] , were measured in the microwave laboratory of AEG-Telefunken, Ulm, Germany, The authors take the opportunity to thank Dr. Rembold, the head of the labora-
